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HARP CubeSat Technologies

NASA-ESTO InVEST Program
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SDL Spacecraft

Launched: Nov 279, 2019
ISS Deployment: Feb 19t, 2020
First light: April 15t, 2020
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HARP2 — being built for PACE Spacecraft




UMBC
Concepts UnderlDevelopment
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HARP observations

Observation and model
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pixel in up to 60 different viewing angles 670nm
0.20
_ I, - Scattered Iy, - Scattered I ., - Scattered 0.00 -
linc - Incident Stokes vector Stokes vector Stokes vector
Stokes vector View angle 1 View angle 2 View angle 3 —  0.00 -
HARP s C
-0.50
4 -1.00 :
0.50
Atmospheric = 0.00+
gases
HARP has up to 60 T T
.. 1.00
.................. SN o viewingangles and
S [fj‘lfﬂ‘iﬂ s If}f}ﬂ SN N T T A wavelengths: 440,
- Petosohparticles b NN e 550, 670 and 870nm 9; 8:°07
—mm_ °
: JFaceltandy7oces 0.00 , :
70 120 170

Scattering Angle



HARP Unique sampling strategy

Push-broom measurements “
Red nadir pushbroom ‘

HARP
HARP Spectral

“Stripe Filter” Backward viewing angle

B — —

Nadir viewing angle

rd viewing angle

HARP Spectral Channels:

440 nm Similar sampling can be done at
550 nm different wavelengths or different
670 NN ——

870 nm lines in the detector (viewing angles)




HARP CubeSat Captures

06/21
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13:05:26 Not all HARP
images are included
here.
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late September 2020.
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@ Multi-Angle Intensity of Saharan Dust

UMBC

O°N
RGB

10 viewing
angles

30°W  25°W  20°W

28.58°W 23.34°W 18.1°W 12.86°W



Multi-Angle Intensity of Saharan Dust
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Calibration/Validation with other satellites

Anin Puthukkudy*, Noah Sienkiewicz*

(*) Graduate students
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HARP Intercomparisons with other Satellites
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03-May-2020 HARP X Geostationary ABI

Geometry 1S never perfect! I Histogram of the reflectances
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01-Jul-2020

Comparison with ABl over the Salr De Uyuni

salt flat

Comparison with VIIRS on S-NPP over the

Salr De Uyuni salt flat
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Data Processing algorithms

Richard Xu, Anin Puthukkudy*, Brent McBride*, Noah
Sienkiewicz*, Oleg Dubovik

(*) Graduate students



5/21
@C HARP HIPP Algorithm is fully developed and Operational Niléj(
U

HIPP is being delivered for HARP2/PACE processing

HARP Level 0 (LO) —> HARP Level 1A (L1A)

hipplbetj‘"”‘/ * Geolocation
* Geometric

* Image Sorting
e GPS/Attitude HARP Level 1/ (L15) Calibration
Preparatlon_ N hipp1b.exe
* Target Acquisition
* Image Corrections

HARP Leve:l 1B (L1B) * Radiometric/Polar
imetric Calibration

Retrieval i
v

HARP Level 2 GRASP

Algorithm
Lead HIPP Developer: Dr. Xiaoguang (Richard) Xu



@ HARP Topography correction — Fully Implemented &21

UMBC

Correction from latitude (¢p) and longitude (1) 'l
from Earth surface height . it |
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W Level-2 Cloud Microphysics Retrieval from Space ¥

) HARP Nadir Pushbroom
HARP CubeSat 670nm (~8.8km? resolution)
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0.12 - { HARP CubeSat CloudPro Retrieval
03 May 2020 , Lake Titicaca
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First Ever Hyper-Angular Cloudbow Retrieval from Space



UMBC Level 2 aerosol retrieval with GRASP

Rebin
AirHARP/HARP (optional)
L1B/L1C Data

Geometry and
Geolocation

Cloud Mask
Rebin (optional)

Binned resolution |, Q, U

Atmospheric gas correction

no

Is land surface?

yes

Land Models (BRDF, BPDF)
Ocean Surface Models(BRDF and BPDF)
Single scattering Database
(Spherical and spheroid particles)
Inversion module
Multipixel constraints

— Products
[ AOD

SSA
Sphere fraction
Refractive Index
PSD
BRDF, BPDF parameters )

" Generalized Retrieval of Aerosol and Surface Properties

Dubovik et al 2011, 2014



@ UMBC 13-June-2020 Saharan Dust Transport
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3.3 km resolution AOD retrievals
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